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(54) IVloulding of composite materials 

(57) A method of moulding composite 
materials in which prepregs (1 1 ) of 
resin impregnated filaments are 
interposed between a shaped partially 
contained polytetrafluoroethylene body 
(10) and a die (13). The assembly is 
heated to cause the 
polytetrafluoroethylene body (10) to 
thermally expand and compress the 
prepregs (11) against the die (13) so that 
the prepregs (1 1) are moulded to the 
shape of the die (13) and the resin in the 
prepregs (11) cures. Using a differently 
shaped PTFE body a square 
cross-sectional member bonded to a 
sheet can be produced. 
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SPECIFICATION 

Moulding f comp site materials 

5 This Invention relates to the moulding of compos- 
ite materials and in particular to the moulding of 
composite materials comprising reinforcing fila- 
ments enclosed in a resin matrix. 
It is known to manufacture components by 

10 moulding composite materials using what is com- 
monly known as the rubber expansion method. In 
one version of that method, layers of filaments 
which have been pre-impregnated with a resin 
binder are !aid-up in a suitably shaped former and 

15 covered by an appropriately shaped silicone rubber 
member. The rubber member is covered in turn by 
a suitable rigid member so that as the whole as- 
sembly is heated, the silicon rubber expands to ex- 
ert pressure upon the prepregs so that they 

20 conform to the shape of the former, consolidate 
and the resin, if it is a thermosetting resin, cures. 

The silicone rubber expansion method of mould- 
ing is effective in the moulding of composite mate- 
rials having a resin matrix material which flows 

25 and cures at temperatures around 200X. However, 
if the resin matrix material flows and cures at 
higher temperatures, for Instance temperatures of 
about 250°C and upwards In the case of polyi- 
mldes, the silicone rubber thermally degrades to 

30 such an extent that it is not re-usable. 

It is an object of the present invention to provide 
a method of moulding composite materials in 
which the problems associated with expansion 
moulding utilizing silicone rubber at higher tem- 

35 peratures are substantially avoided. 

According to the present invention, a method of 
moulding composite materials which composite 
materials comprise reinforcing filaments enclosed 
in a resin matrix comprises the subsequent steps 

40 of Interposing a plurality of prepregs comprising 
resin impregnated filaments between a shaped, 
partially contained body, the major portion of 
which body is polytetrafluoroethylene, and means 
corresponding in shape with said shaped body 

45 which means is adapted to resist any force exerted 
thereon by said prepregs, and increasing the tem- 
perature of the resultant assembly to a level at 
which both said matrix resin and polytetrafluoroe- 
thylene are mobile, said shaped polytetrafluoroe- 

60 thylene body being so contained that the thermal 
expansion thereof upon said temperature increase 
is constrained to be generally in the direction of 
said prepregs so that said prepregs are com- 
pressed thereby against said resistance means and 

55 thereby consolidated and moulded to a shape cor- 
responding generally with that d fined by the orig- 
inal shape of said shaped body and said resistance 
m ans. 

The invention will now be described, by way of 
60 example, with reference to the accompanying 
drawings in which:- 

Figure 7 is a cross-sectional view f apparatus 
for use in the method of the present invention. 
Figure 2 is a cross-sectional view of an alterna- 
65 tive form f apparatus for use in the method of the 
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present invention. 

With reference to Figure 1, a cylindrical body 10 
formed from polytetrafluoroethylene is sprayed 
with a conventional polytetrafluoroethylene-based 

70 release agent, although other suitable release ma- 
terials could be used if desired, before being sur- 
rounded by a plurality of prepregs 11 which 
comprises uncured polyimide resin impregnated 
carbon filaments. The prepregs 11 may be conve- 

75 niently wound around the body 10 if so desired. 
When the prepregs 1 1 have been laid-up upon the 
body 10, they are enclosed by a two-part steel die 
13, the inner surface 14 of which has been sprayed 
with the same release agent. The die 13 inner sur- 

80 face 14 is of circular cross-section, engages the 
outer surface of the laid-up prepregs 11 and is 
coaxial with the longitudinal axis of the cylindrical 
body 10. Each part of the die 13 is flanged at its 
edges to receive u-shaped cross-section members 

85 15 which serve to clamp the die parts 13 together. 
Blanking pieces (not shown) are finally fixed to the 
ends of the assembly so that the polytetrafluoroe- 
thylene body 10 is totally contained. 
The assembly Is then placed in a suitable oven 

90 and its temperature Is slowly increased from room 
temperature to 205°C. As the temperature of the 
assembly rises, the polytetrafluoroethylene body 
10 expands at a higher rate than that of the steel 
die 13 so that the radial gap between them, which 

95 is occupied by the laid-up prepregs 11, decreases, 
thereby resulting in the compression of the pre- 
pregs 11. 

The temperature of the assembly is held at 205X 
for two hours. This is done to ensure that any sol- 

100 vents within the prepregs 11 are released, the po- 
lytetrafluoroethylene body 10 fully soaks to 205°C 
and that there is consolidation of the prepregs 11. 
The temperature of the assembly is then slowly in- 
creased to between 290°C and 330°C and is held at 

105 that temperature for one hour. By the time that the 
polytetrafluorethylene body 10 has reached be- 
tween 290°C and 330^*0 it has of course thermally 
expanded further so that the pressure which it ex- 
erts upon the prepregs 11 is correspondingly 

110 greater and consolidation of the prepregs 11 is 
completed. In addition it has softened to such an 
extent that it behaves as a fluid, thereby providing 
a substantially even pressure distribution over the 
prepreg 1 1 surface which it contacts. The holding 

115 of the assembly temperature for one hour addi- 
tionally results in the curing of the polyimide resin 
in the prepregs 11. It will be understood however 
that the method of the present invention is not 
specifically restricted to thermosetting resins and 

120 that thermoplastic resins could be utilised if so de- 
sired and of course if they will withstand the high 
processing temperatures f the present Invention 
(up to 330X). It will n t of course by necessary 
with thermoplastic resins to allow time during th 

125 process to permit curing to take place. 

After ne hour at between 290*'C,.and 330*'C, the 
temperature of the assembly is gradually reduced 
until its temperature has reached 60°C. Th clamps 
15 are then removed and the polytetrafluoroethy- 

130 lene body 10, which by this time has thermally 
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contracted to a diameter less than the internal di- 
ameter of the c nsolidated and cured prepregs 11, 
is removed t leave a tube comprising reinforcing 
carbon filaments enclosed in a matrix of a cured 
5 polyimide resin. 

In a variation upon the method of the present in- 
vention, a polytetrafluoroethylene body 16 shown 
in Rgure 2 which is of generally square cross-sec- 
tional shape, is placed upon a sheet 17 comprising 

10 carbon fibres in a cured polyimide resin matrix al- 
though an uncured resin matrix may be utilized if 
so desired. The polytetrafluoroethylene body 16 is 
then coated with a release agent before being cov- 
ered by a plurality of prepregs 18 comprising un- 

15 cured polyimide impregnated carbon filaments. 
The prepregs 18 are laid up on the polytetrafluo- 
roethylene body 16 in such a manner that the end 
portions 19 of the prepregs 18 are in intimate con- 
tact with the surface of the sheet 17 upon which 

20 the polytetrafluoroethylene body 16 is placed. The 
prepregs 18 are in turn overiaid by layers 20 of po- 
rous release material and resin bleed material of 
the type conventionally used in vacuum moulding. 
Finally containment means (not shown) are at- 

25 tached to the ends of the polytetrafluoroethylene 
body 16 and the whole assembly of the polytetra- 
fluoroethylene body 16, prepregs 18, and the re- 
lease and bleed material layers 20 is covered by a 
sheet of impervious material 21. Clamping mem- 

30 bers 22 are located at the extents of the imper- 
vious material 21 to urge the sheet 21 into sealing 
engagement with the sheet 17 of cured polyimide 
resin impregnated carbon filaments. An aperture 
22 is provided in the sheet of impervious material 

35 21 which is in operation connected via an appro- 
priate pipe (not shown) to an air pump to facilitate 
the evacuation of the volume enclosed by the 
sheet of impervious material 21. 
The assembly depicted in Figure 2 is then placed 

40 in an autoclave (not shown) which of course has 
facilities for the passage therefrom of the vacuum 
pipe connected to the aperture 22 in the sheet of 
impervious material 21. The volume enclosed by 
sheet of impervious material is then evacuated and 

45 the temperature within the autoclave slowly in- 
creases from room temperature to 205°. As in the 
previous embodiment, the temperature is held at 
205°C for two hours in order to permit the removal 
of solvents, temperature soaking and partial con- 

50 solidation of the prepregs 20. The temperature is 
then slowly raised from 205° to between 290'*C, 
and 330*0. However, when the temperature 
reaches 250°C, the pressure within the autoclave is 
increased from ambient to 200 pounds per square 

55 inch. The temperature is then held at between 
290°C and 330°C for one hour in order to achiev 
complete consolidation, cur th polyimide resin in 
the prepr gs 18 and th bonding of the prepregs 
18 to the sheet 17. The temperature is then al- 

60 lowed to si wly fall to around 60°C whereupon the 
autoclave pressure and the vacuum applied to the 
volume enclosed by the sheet f impervi us mate- 
rial 21 are released. 
The clamping members 22 ar then removed to- 

65 gether with the sheet of impervious material 21 



and the release and bleed layers 20. Rnally, the 
polyt trafluoroethyl n body 16, which by this 
time has contracted to have a cross-sectional area 
which is less than that defined by the cured pre- 

70 pregs 18, is removed. The resultant structure com- 
prises a sheet 17 of cured polyimide resin 
reinforced with carbon filaments which is stiffened 
by a square cross-sectioned member bonded 
thereto and also consisting of a cured polyimide 

75 resin matrix reinforced by carbon filaments. 
In both of the above examples in accordance 
with the present invention, the body used to ther- 
mally expand and exert pressure on the laid-up 
prepregs is formed from pure polytetrafluoroethy- 

80 lene. It may be desirable in certain circumstances 
however to provide the polytetrafluoroethylene 
with a suitable filler material which is chemically 
inert with respect to polytetrafluorethylene such as 
fibre-glass or bronze powder in order to tail r its 

85 expansion characteristics to the particular applica- 
tions in which it is used as well as prevent creep 
and deformation thereof under load. Such modifi- 
cation may be readily determined by empirical 
means in each individual application of the pr sent 

90 invention. 

It will be seen therefore that polytetrafluor ethy- 
lene body provides advantages in thermal toler- 
ance over the conventionally used silicone rubbers 
in the moulding of composite materials. It also has 

95 the additional advantage of being capable of being 
thermally formed into highly complicated shapes. 
This being so, it can be used in the process of vac- 
uum bag moulding, as described above, or without 
the use of an autoclave to apply additional mould- 
100 ing pressure, to produce composite material parts 
of complex configuration without resorting to the 
use of complex dies in the moulding process. 

Although the present invention has been d - 
scribed with reference to the moulding of prepregs 
105 which are impregnated with a polyimide resin, it 
will be appreciated that other thermosetting resins 
could be used, subject of course to their curing 
temperatures being conducive with the thermal 
characteristics of the polytetrafluoroethylene body 
110 used. Moreover it will be appreciated that the pres- 
ent invention is also applicable to the moulding of 
composite materials comprising reinforcing fila- 
ments enclosed In a matrix of thermoplastic r sin. 
In such circumstances the moulding cycle would 
115 have to be suitably modified In order to take into 
account the fact that it would only be for the con- 
solidation of the prepregs, not their curing. 

CLAIIVIS 

120 

1, A m th d of moulding composite mat rials 
which c mposite materials comprise reinf rcing fil- 
aments enclosed in a resin matrix comprising the 
subsequent steps of interposing a plurality of pre- 

125 pregs comprising resin impregnated filaments be- 
tween a shaped, partially contained body, the 
major portion of which body is polytetraflu r ethy- 
lene and means corresponding in shape with said 
shaped body which means is adapted to resist ariy 

130 force xerted thereon by said prepregs, and in- 



1/7/2005, EAST Version: 2.0.1.4 



3 



GB2 173 144 A 



3 



creasing the temp rature of the resultant assembly 
to a lev I at which both said matrix r sin and poly* 
tetrafluoroethylene are mobil , said shaped p lyte- 
trofluoroethylene body being so contained that the 

5 thermal expansion thereof upon said temperature 70 
increase is constrained to be generally in the direc- 
tion of the prepregs so that said prepregs are com- 
pressed thereby against said resistance means and 
thereby consolidated and moulded to a shape cor- 

10 responding generally with that defined by the orig- 75 
inal shape of said shaped body and said resistance 
means. 

2. A method of moulding a composite material 
as claimed in claim 1 wherein said resin is a ther- 

15 mosetting resin and the maximum temperature 
which is reached during said method is sufficiently 
high and is maintained for a sufficiently long pe- 
riod for said resin to cure. 

3. A method of moulding a composite material 
20 as claimed in claim 1 or claim 2 wherein at least 

some of said prepregs are placed in intimate con- 
tact with a previously moulded composite material 
comprising reinforcing filaments enclosed In a 
resin matrix in such a manner that said prepregs 
25 are bonded by the resin therein to said previously 
moulded composite material during the course of 
said moulding process. 

4. A method of moulding a composite material 
as claimed in any one preceding claim wherein 

30 said means corresponding in shape with said 
shaped body comprises a shaped body which is in 
the form of a die. 

5. A method of moulding a composite material 
as claimed in claim 1 or claim 2 wherein said 

35 means corresponding in shape with said shaped 
body comprises a vacuum bag moulding assembly 
which assumes the shape of said shaped body 
upon the evacuation thereof. 

6. A method of moulding a composite material 
40 as claimed in claim 5 wherein additional pressure 

is exerted upon said vacuum bag moulding assem- 
bly after the evacuation thereof to augment the re- 
sistance of said vacuum bag moulding assembly to 
the pressure exerted thereon resulting from the 
45 thermal expansion of said shaped polytetrafluoroe- 
thylene body. 

7. A method of moulding a composite material 
as claimed in claim 6 wherein said additional pres- 
sure is exerted by an autoclave. 

8. A method of moulding a composite material 
as claimed in any one preceding claim wherein 
said polytetrafluoroethylene is intimately mixed' 
with a filler material which filler material is chemi- 
cally inert with respect to polytetrafluoroethylene. 

9. A method of moulding a composite material 
as claimed in claim 8 wherein said filler mat rial is 
glass-fibr or bronz powder. 

10. A method of moulding a composite material 
as claimed in any one preceding claim wh rein 

60 said filaments are of carb n. 

11. A method of moulding a composit material 
as claimed in claim 2 wherein said thermosetting 
resin is a polyimide. 

12. A method of moulding a composite material 
65 as claimed in claim 11 wher in the temperature of 
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said assembly is slowly raised to a temperature of 
205X, said temperature of 205X being maintained 
for two h urs whereupon the temperature is 
slowly increased t between 290°C and 330°C and 
held at that temperature for one hour whereupon 
the temperature is slowly reduced to 60°C. 

13. A method of moulding a composite material 
as claimed in claim 6 wherein the pressure exerted 
by said autoclave is 200 pounds per square inch. 

14. A method of moulding a composite material 
substantially as hereinbefore described with refer- 
ence to the accompanying drawings. 

15. A composite material moulded by the 
method of any one previous claim. 
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